We econometrically estimate a consumption-based asset pricing model with stochastic internal habit and test it using the generalized method of moments. The model departs from existing models with deterministic internal habit (e.g., Dunn and Singleton (1983) , Constantinides (1991), and Heaton (1995) ) by introducing shocks to the coefficients in the distributed lag specification of consumption habit and consequently an additional shock to the marginal rate of substitution. The stochastic shocks to the consumption habit are persistent and provide an additional source of time variation in expected returns. Using Treasury bond returns and broad equity market index returns, we show that stochastic internal habit formation models resolve the dichotomy between the autocorrelation properties of the stochastic discount factor and those of expected returns. Consequently, they provide a better explanation of time-variation in expected returns than models with either deterministic habit or stochastic external habit. We econometrically estimate a consumption-based asset pricing model with stochastic internal habit and test it using the generalized method of moments. The model departs from existing models with deterministic internal habit (e.g., Dunn and Singleton (1983 ), Ferson and Constantinides (1991 ), and Heaton (1995 ) by introducing shocks to the coefficients in the distributed lag specification of consumption habit and consequently an additional shock to the marginal rate of substitution. The stochastic shocks to the consumption habit are persistent and provide an additional source of time variation in expected returns. Using Treasury bond returns and broad equity market index returns, we show that stochastic internal habit formation models resolve the dichotomy between the autocorrelation properties of the stochastic discount factor and those of expected returns. Consequently, they provide a better explanation of time-variation in expected returns than models with either deterministic habit or stochastic external habit.
Introduction
Consumption-based capital asset pricing models (CCAPMs) with time non-separable preferences including habit formation have received considerable attention recently as a potential mechanism for explaining the equity premium puzzle (see, e.g., Sundaresan (1989) , Abel (1990) , Constantinides (1990) , and Campbell and Cochrane (1999) ). The joint behavior of stock and bond returns within the context of consumption-based models has been understood much less. In this paper we present a structural model with stochastic internal habits that helps resolve the dichotomy between the autocorrelation properties of the stochastic discount factors and those of bond returns.
1
Our formulation nests many of the previously studied specifications along one or both of the following two dimensions. First, by adopting the GMM approach (Hansen, 1982) , we are completely agnostic about the dynamics of the aggregate endowment or technology imposed in other papers, such as, e.g., Campbell and Cochrane (1999) , Wachter (2006) , and Bekaert, Engstrom, and Grenadier (2010) . This means that our model implicitly nests any parametric specifications of the aggregate endowment process. Second, we adopt a general parametric specification of the consumption habit process that nests many of the previous habit specifications. Specifically, we start with a standard geometric distributed lag specification, and then introduce a stochastic shock to the weights in the distributed lag. The timing of the new shock is such that it can be literally interpreted as an unexpected shock to the habit stock itself.
2
Using the same econometric method, Dunn and Singleton (1986, DS) and Ferson and Constantinides (1991, FC) test the over-identifying restrictions implied by the stochastic Euler equations derived from such models, while being agnostic about the endowment specification and the nature of the temporal dependence of consumption. Heaton (1995) , on the other hand, uses the simulated method of moments to estimate a model that incorporates both a parametric form of consumption durability and habit.
3,4
These studies find that there is empirical evidence for both consumption habit and local substitution. However, which effect dominates may depend on the decision interval, the instruments used in estimating the model, and the investment horizon. The overall goodness-of-fit test econometrically rejects all of the models. The econometric rejection of existing CCAPMs with time separable and time nonseparable utility is largely due to the notorious failure of these models to explain bond returns. Singleton (1993) and Heaton (1995) explore in depth such models' inability to explain the autocorrelation properties of bond returns. This problem arises because a stochastic discount factor (SDF henceforth) in the time separable models and some of the time nonseparable models is a simple function of the nearly i.i.d. consumption growth process, and this makes it difficult for models to explain persistent properties of long-term bond returns.
The failure of earlier asset pricing models with time non-separable preferences to explain time-varying bond returns arises because both types of models, either external or internal habits, (Constantinides (1990) and Campbell and Cochrane (1999, CC) , respectively) sidestep the issue of term structure dynamics by imposing restrictions so that the real term structure is constant and flat. Several papers extend the CC model in order to accommodate stochastic interest rates. Campbell and Cochrane (1999) show how to extend their model by relaxing a parametric restriction on the specification of the surplus consumption ratio.
However, in their model, interest rates and bond risk premium are perfectly correlated with consumption shock, which is counter-factual. Wachter (2006) relaxes the assumption of the CC model of an i.i.d. consumption growth rate and shows that interest rates and the risk premium have properties broadly consistent with observed bond return predictability in her model. Buraschi and Jiltsov (2007) develop a continuous term structure model in the context of the CC model and show that habit persistence can help reproduce various properties of the term structure. Bekaert, Engstrom, and Xing (2009) also consider a generalized version of the CC model where a surplus consumption ratio is stochastic, which allows them to obtain some non-trivial implications for the term structure of interest rates. All of these extensions share the common feature that the external habit process is no longer locally deterministic.
There has been much less work done extending deterministic internal habit process to accommodate preference shocks. However, this venue is important in view of two recent empirical papers by Chen and Ludvigson (2009) and Grishchenko (2010) , who investigate the properties of habit persistence at the aggregate level and conclude that aggregate data are more consistent with internal rather than external habit formation preferences. The reason is that internal habit generates the necessary autocorrelations in the stochastic discount factor via a non-trivial impact of current consumption on future marginal utility. This channel is absent in the external habit models where current consumption affects only the surplus consumption ratio, but the functional form of the marginal utility stays unaltered (compared to marginal utility in the time separable preferences). Dai (2003) is the first who introduces the stochastic internal habit model. He relaxes Constantinides' assumption of a constant investment opportunity set by allowing the instantaneous short rate to be driven by the level of the habit stock, and shows that the time-varying risk premium implied by the model is capable of explaining the violation of the Campbell and Shiller (1991) expectations hypothesis puzzle. In our work, the deterministic internal habit formation models of Sundaresan (1989) and Constantinides (1990) , and the stochastic internal habit formation model of Dai (2003) are nested special cases in the continuous-time limit.
The presence of the habit shock in the economy -in addition to the consumption shockbreaks the tight linkage between asset returns and consumption growth rates in the standard CCAPM or its extension with deterministic habit. Economically, the habit shock can be broadly interpreted as a taste shock. Its high realization occurs in the bad state of the world, associated with the low dividend payoff and the low level of consumption. In this state, the additional dollar of return becomes even more valuable because marginal utility depends positively on this shock.
To our knowledge, this work is the first empirical investigation of stochastic internal habit models. It relates to prior and rather limited work on the impact of preference shocks on asset prices. Among the first, Campbell (1986) includes random shocks in the CRRA utility to examine the conjecture of Modigliani and Sutch (1966) that investor preferences might cause negative term premiums on long-term bonds. He argues that randomness in preferences (interpreted as taste shocks) generates predictable excess returns even when agents are riskneutral. Normandin and St-Amour (1998) include taste shocks in the preference specification of Epstein and Zin (1989) to study their effect on the equity premium. They argue that taste shocks help alleviate the emphasis on the consumption risk in explaining the historical equity premium. More recently, Brandt and Wang (2003) allow for a preference shock in the CC model to be correlated with business-cycle factors. In a similar spirit, Bekaert, Engstrom, and Grenadier (2010) allow for a latent preference shock in the CC model to be imperfectly correlated with consumption growth and interpret it as unexpected change in the "moodiness" of the investor behavior.
5
In contrast to previous studies (with the exception of Bekaert, Engstrom, and Xing (2009) and Bekaert, Engstrom, and Grenadier (2010) ), we study the implications of introducing the preference shock to the habit stock to simultaneously explain time series properties of equity and bond returns.
6
Our modeling and econometric framework allows us to address, among others, two important empirical questions.
Q1: Do stochastic habit formation models explain long-term bond returns better than their deterministic counterparts? Q2: Do internal habit (IH) formation models and their external counterparts (EH) perform equally well when they are confronted by both equity and bond returns?
The answer to Q1 is an emphatic "yes!" We find that when the habit process is deterministic, the model is incapable of explaining quarterly holding-period returns of long-term bonds, regardless of whether the consumption habit is external or internal. When the consumption habit is internal and stochastic, the model better explains both equity and bond 5 Essentially, these two papers depart from the framework of Campbell and Cochrane (1999) who assume that the habit shock is perfectly negatively correlated with the consumption shock.
6 Where confusion does not arise, we use the terms "habit shock" and "taste shock" interchangeably.
returns simultaneously. This suggests the joint importance of internal habit and taste shock in preferences, absent in models discussed above.
The answer to Q2 is negative. Based on Euler equations derived from the level of the three-month Treasury bill rate, the quarterly return of a 10-year long-term Treasury bond, and the quarterly return of the broad equity market index, the parameter estimates of IH models are all very reasonable. The point estimates of the coefficient of the relative risk aversion in the IH model (either deterministic or stochastic) are around 2, while they are roughly 8 for the deterministic EH models. In contrast, the parameter estimates of the stochastic EH models are such that either the relative risk aversion parameter or the subjective discount rate is in the wrong region when they are unconstrained. When the relative risk aversion parameter and the subjective discount rate are constrained to be positive, we find a corner solution in minimizing the GMM objective function under the optimal weighting matrix.
This result suggests that EH models, whether deterministic or stochastic, cannot reconcile various moments of bond returns. Our results are complementary to the results in Dai, Le, and Singleton (2010) . The authors specify the dynamics of state variables (in contrast to our agnostic approach) and construct the maximum likelihood estimates of a nonlinear discrete time dynamic term structure model with CC-type external habit preferences in which bond prices are known in closed form. Consequently, Dai et al. show that such models do not match the key features of the conditional distribution of bond yields.
The data seems to favor internal relative to external habit formation for a reason. Introducing a stochastic shock to an external habits does not affect the the autocorrelation structure of the marginal rate of substitution because its functional form remains the same.
In contrast, a stochastic habit shock materially impacts the performance of an internal habit formation model because it induces an additional term in the marginal rate of substitution that makes it more persistent. Our results are consistent with Ljungqvist and Uhlig (2000) , who argue that when agents are "catching up with the Joneses", the social welfare in a competitive equilibrium is reduced relative to the socially optimal allocation that takes into account the negative externality of habit formation. Agents consume too much when productivity is high and too little when productivity is low. Government intervention (through income transfer) can induce competitive agents with external habit formation to achieve socially optimal consumption behavior. Thus, aggregate consumption behavior and asset prices seem to be more consistent with internal habit even though agents may exhibit external habit formation at individual levels. Overall, this evidence suggests that stochastic internal habit models should be preferred to their external counterparts when studying the joint behavior of the aggregate stock and bond returns.
The rest of the paper is organized as follows. In Section 2 we set forth a model specification and derive Euler equations. In Section 3 we discuss methodological issues related to our empirical study. In Section 4 we present empirical results for deterministic/stochastic external and internal habit models, discuss miscellaneous estimation issues and also report some robustness checks. We conclude in Section 5.
A CCAPM with stochastic habit formation
We assume that there exists a representative agent with a time non-separable expected utility:
where ρ > 0 is the subjective discount rate, u(·) is strictly increasing and strictly concave, s t is the service flow provided by the current and past "surplus consumption" z t ≡ c t − x t , c t is an exogenous aggregate consumption/endowment process, x t is the habit stock generated by the past aggregate consumption, and I t is the time-t information set. The service flow s t and the habit stock x t are defined by
where, conditional on I t , v t+1 is a random variable with zero mean and unit volatility with an arbitrary correlation with the consumption shock, L is the lag operator, and D(L) and B(L) are two geometrically distributed-lag operators:
In this setting, δ represents a service flow parameter, β is the volatility of the habit shock, b is the scaling parameter that indexes the importance of the habit formation level relative to the current consumption level, and κ indexes the degree of "persistence", or "memory" in the habit shock. When β = 0, the model reduces to the time-non-separable utility specification of Dunn and Singleton (1986) , Constantinides (1991), and Heaton (1995) . If, in addition, δ = 0, the model reduces further to the habit formation of Sundaresan (1989) and Constantinides (1990) , as the decision interval goes to zero. Finally, when δ = b = 0, the model reduces to the standard pure exchange economy of Lucas (1978) and Mehra and Prescott (1985) with time-separable utility.
Stochastic Euler Equations
Following Dunn and Singleton (1986) , Ferson and Constantinides (1991) , and Heaton (1995), we can derive the stochastic Euler equation for the model specified by equations (1) -(3).
In Appendix A, we show that, for any security with the price-dividend pair (p t , d t ), the following pricing equation holds:
where
is the one-period return for the security, and MRS is the marginal rate of substitution, given by
Here MUC t is the marginal utility of consumption in terms of the value function at t, and for the geometric distributed lag specification,
(By convention we set 0 i=1 (·) = 1.) For an internal habit formation model, b t,j = 0 for j ≥ 1, which means that the individual agent accounts for the consumption externality induced by her own consumption choice. Given a particular model parametrization with internal habit formation, the corresponding model with external habit formation is obtained by setting b t,j = 0 for all j ≥ 1. Equation (4) can be extended to deal with returns on investment strategies with multiple holding periods. Let R t,t+n be the return on an investment strategy held for n periods, then the same reasoning behind the derivation of (4) implies
Determinants of MUC and MRS: intuition
To develop some intuition on the relative importance of various ingredients of the model, let us consider a first-order approximation of MUC t when β is small.
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First, note that when β is small, the approximation of a t,j is given by
7 We adopt the distributed lag specification to economize model parameters. The derivation of equations (7)- (8) are given in Appendix B when δ = 0. The Euler equation can be also derived explicitly when the distributed lag contains arbitrary weights.
8 This first-order approximation is used here only for the purpose of developing intuition. The exact model is estimated and tested later in the empirical section.
Consequently, MUC t allows the following decomposition:
represent the expected future marginal utility or dis-utility (depending on the sign), from future service flow and consumption habit. In Ψ
t , is the correlation between the consumption shock and the habit shock,σ is the volatility of the consumption growth rate, 1 − γ is the relative risk aversion coefficient of the CRRA utility function, and S t is the surplus consumption ratio. t . This intuition is helpful in guiding the choice of asset returns and instruments that help achieve identification and efficiency.
Discussion
Let t be the shock to aggregate consumption growth rate. Our model implies that the pricing kernel is a function of the history of both the consumption shock t and the habit shock v t . That is, for any t < s,
In general, the identity of the shocks that appear in the MRS (which means that they are priced risk factors) and the functional form of the MRS are part of the model specification.
In this paper, however, we interpret the stochastic habit formation model as some "reducedform" specification of an underlying structural model based on micro-economic foundations.
In particular, we interpret the shock to the habit level as taste shock, that proxies some economy-wide shock different from the shock to the consumption growth rate. In this way, the aggregate asset returns are driven by two shocks, the endowment shock and the taste shock.
Campbell (1986) and Normandin and St-Amour (1998) undertake similar interpretation of the random shocks in the preferences. They study different questions however. Campbell studies the effect of the taste shocks on bond premia, while Normandin and St-Amour study the impact of taste shocks on equity premia. In both papers, multiplicative shocks are added to the utility specifications, albeit to different ones: Campbell considers standard CRRA utility function, while Normandin and St-Amour consider Epstein-Zin preferences.
More recently, Bekaert, Engstrom, and Grenadier (2010) develop an extension to the external habit CC model by modeling a stochastic surplus consumption ratio where a preference shock to it is interpreted as an unexpected change in the "moodiness" of the investor behavior. Bekaert, Engstrom, and Xing (2009) use this model to study the relative importance of the economic uncertainty (conditional variance of fundamentals) and change in the risk aversion.
Our preference specification (including the habit specification) allows us to derive a specific functional form for MRS. In order to make the model empirically testable, we choose an empirical proxy for the taste shock based on an educated guess of which macro variables may be the most relevant to asset pricing. Consequently, we will be testing the joint hypothesis that the model is correctly specified and the stochastic habit shock is correctly identified.
This is important for a proper interpretation of our results.
In this section, we discuss several methodological and econometric issues related to the estimation and testing of the model. Before we proceed, let us give a brief description of the GMM procedure to establish some notations.
In the most general form with pure habit (δ = 0), our model has five parameters, collected in the vector θ = (ρ, γ, κ, b, β) . Let R t,t+n be a K × 1 vector of asset returns, and Z t ∈ J t be a M × 1 vector of instruments. Then under the null, the following K · M orthogonality conditions must hold:
Let g T = 1 T T t=1 t,t+n denote the sample counterpart of the left hand side of equation (12), where T is the sample length and t is a K · M × 1 vector obtained by stacking together all
where W t is the sample counter-part of the optimal weighting matrix (see Hansen (1982) for additional details).
Under the null, the GMM objective function T g T W −1 T g T has an asymptotic χ 2 distribution with degrees of freedom equal to (KM −dim(θ) ). This provides an overall goodness-of-fit test.
Evaluation of the Euler equations
A well-known issue associated with the econometric estimation and test of internal habit formation models is that the "marginal utility of consumption", MUC t , is defined in terms of the conditional expectation of future marginal utilities (see equation (6)). Two distinct approaches have been adopted to deal with this issue. Dunn and Singleton (1986), Ferson and Constantinides (1991) , Ferson and Harvey (1992) , etc., adopted the first approach, which avoids the evaluation of the conditional expectations altogether. Specifically, rewriting equation (9) as
and removing the conditional expectation operator by appealing to the law of iterated expectations, we obtain E t [h t,t+n ] = 0, where
Note that the "disturbance" h t has an MA(∞) autocorrelation structure when the consumption habit is defined as a geometric distributed lag. Dunn and Singleton (1986) , Ferson and Constantinides (1991) , and Ferson and Harvey (1992) get around this problem by defining the consumption habit in terms of a limited number (typically one and at most two) of consumption lags. If we define the consumption habit using q lags, then h t is MA(q) under the null that the model is correctly specified. This approach does not apply directly in our case because we have q = ∞. Heaton (1995) adopted the second approach, which explicitly evaluates the conditional expectation by imposing a particular dynamic structure of the relevant state variables. Specifically, Heaton assumes that a bivariate process of aggregate consumption growth and aggregate dividend growth characterizes completely the dynamic evolution of the marginal utility of consumption. By modeling the state vector as a bivariate VAR, MUC t can be computed numerically (at the estimated parameter values for the VAR).
Heaton estimates the preference parameters using the simulated method of moments.
In principle, we can follow Heaton's approach to estimate our model. An added benefit of adopting Heaton's approach is that there is no requirement that the stochastic habit shock be observed. Our concerns about potential mis-specification errors associated with the VAR specification of the state vector and potential numerical errors in computing MUC t , however, lead us to develop a new approach. The idea is to rewrite the Euler equation (13) as
where I t is the information set at t, and
Note that for pure external habit formation models (δ = 0 and b t,j = 0 for all j ≥ 1), Φ t = 1, and the Euler equation is trivial to compute. For internal habit formation models (with or without local substitution), we adopt the following strategy.
First, we construct an information set J t ⊆ I t that includes all the instruments we will use for estimating the model as well as
× R t−n,t and an appropriate number of its lags. Second, we condition the Euler equation (15) down to the information set J t :
Finally, we compute the linear projection of Φ t into the information set J t , and substitute the projectionΦ t into equation (16). Since the projection error, t ≡ Φ t −Φ t , is orthogonal to J t -by construction, equation (16) implies
Equations (17) and (18) are the "projected" Euler equations that we actually use in our econometric analysis. Under the null, the vector of projected disturbancesĥ t,t+n has a MA(n − 1) autocorrelation structure. In particular, for one-period returns, n = 1,ĥ t,t+1
should be martingale difference sequences.
The projection procedure does not affect consistency of the GMM estimators. However, it does affect inference. To obtain standard errors and test statistics properly, we need to (a) compute standard errors with the projection fixed at the converged parameter estimates;
and (b) account for sampling noise in the first-stage linear projection when we compute the standard errors and test statistics in the second (GMM) stage.
Empirical proxy for a stochastic habit (taste) shock
Implicit in our model is the assumption that economic agents observe both consumption and habit shocks, conditional on which consumption and portfolio demands are formed.
As a consequence, the Euler disturbances h t,t+n or their projected versionsĥ t,t+n can not be constructed using consumption and return data alone, because they also depend on the realizations of the habit shock v 1 , . . . , v t+n−1 , v t+n . If the habit(taste) shocks are not observed by the econometrician, they must be integrated out in the Euler equations. Our new approach assumes that the econometrician also observes the habit shock, and identifies it with the shock to one of the observed macro-economic variables. Thus, our model should be treated as a semi-structural model (based on a particular parametric specification of the habit process and a particular assumption on the identity of the habit shocks). While we do not provide a formal justification for our semi-structural specification, we motivate our choice by the following intuition.
There are several reasons why the aggregate labor income shock may be a sensible empirical proxy for the stochastic habit shock. First, a growing body of work in asset pricing literature (see, e.g., Jagannathan and Wang (1996) and Lettau and Ludvigson (2001a) ) suggests that aggregate labor income risk is a relevant source of risk factor in explaining equity returns. Second, a growing body of work in macroeconomics literature (see, e.g., Calvo
(1983) and Christiano, Eichenbaum, and Evans (2005) ) suggests that both real marginal cost, which is closely related to the aggregate labor share, and wage rigidity are important in driving inflation and channeling the propagation of monetary shocks through the real economy. Both strands of literature suggest that labor income risk may play a non-trivial role in explaining asset returns, through either the cash flows (dividend and inflation risks) or the discount rates (pricing kernel). Since we take asset returns and endowment processes as given, the only place that the labor income risk can play a role is through the utility specification. In our framework, it can only enter the model through the shock to the habit stock. We directly estimate the sensitivity of the habit shock to the labor income shock (as the volatility of the habit shock) from the Euler equations. 
Miscellaneous issues
A practical issue that arises in estimating internal habit formation models is that the ex post realization of the marginal utility of consumption, namely (see equation (6)),
may be negative. The situation occurs when the current consumption level is very high relative to subsequent realized level of consumption, so that the future dis-utility induced by the current high level of consumption is very large. This can be caused by a number of reasons. First, the model could be mis-specified. Second, even if the model is correctly specified, the realized MUC may be negative if it is not evaluated at the true parameter values. Third, even if the model is correctly specified, and the realized MUC is evaluated at the true parameter values, there is always a possibility that in a finite sample, random noises may drive the realized MUC negative. Optimality restrictions on the equilibrium consumption process only requires that the ex ante marginal utility of consumption be nonnegative.
We base our estimation and testing procedure on the assumption that the null is correctly specified. This means that we need to impose restrictions on the admissible parameter region so that the ex post MUC stays positive. Such restrictions are also helpful in practice in making the GMM objective function more robust and the GMM estimation easier to converge. Finally, we check that the ex post MUC is strictly positive at the converged parameter estimates and the parametric restrictions that ensure MUC positivity are not binding.
Another practical issue is that based on the observed data, there is no guarantee that the surplus consumption z t ≡ c t − x t is strictly positive, because a large realization of the habit shock can send x t above c t under at least some parameter configurations. and Kahneman (1992) . In this set up, the marginal utility is always positive even when consumption falls below its subsistence (reference) level, by virtue of imposing the absolute value function on the difference between consumption and its subsistence level. For us, it is more a practical than modeling issue as we abstract from the specific form of the endowment process in the economy.
Finally, in a finite sample, it is not possible to construct the ex post realization of MUC 10 In our empirical implementation, we use a version of the following specification:
where u(·) is a function well-defined in (−∞, s], strictly increasing and concave, with the properties that
Such modifications to the standard power utility specification do not affect the derivation of the Euler equations. With a sensible choice of s, they should not affect any substantive implications of the model either. Additional details about its implementation may be obtained from the authors upon request.
as an infinite sum. All of our estimation results are based on truncating the infinite sum to 50 terms, which corresponds to the assumption that a habit shock dies out before twelve and half years. This represents a sufficiently long period for the MUC to be affected by habit shock so long as the mean reversion parameter κ for the habit shock is not too small.
Empirical results
In this section, we report key empirical findings. We begin by describing the data. We then report estimation results and address the questions Q1 and Q2 raised in the introduction.
Data
Summary statistics of the macro variables and asset returns are reported in Table 1 .
Consumption:
We use quarterly consumption data to estimate our model because it contains less measurement errors than monthly consumption data.
11
Quarterly decision interval also allows us to focus on pure habit effect, as Heaton (1995) shows that local substitution is important only for decision intervals much shorter than a quarter.
Consequently, we set δ = 0 throughout our empirical estimations. Our sample period is from the fourth quarter of 1951 to the fourth quarter of 2002.
We measure aggregate consumption as expenditures on non-durables and services excluding shoes and clothing.
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In order to distinguish between long-term habit persistence and short-term seasonality, we use seasonally adjusted data at annual rates, in billions of chain-weighted 2000 dollars.
13
We define aggregate labor income as wages and salaries plus transfer payments plus other labor income minus personal contributions for social insurance minus taxes. Real aggregate labor income is obtained by deflating Instruments: We use two sets of instruments. The first one is the standard set of lagged consumption growth and asset returns used in the previous studies to estimate the parameters and test the Euler equation model. One of the potential problems with consumption data is time aggregation, which means that consumption decisions are made more frequently than the observation interval, and thus, measured consumption is the sum of the expenditures of the interval. Ferson and Constantinides (1991) argue that time aggregation can induce a spurious correlation between the error terms and information set, thereby increasing the order of the MA process followed by u t . Variables in the information set at time t, which were not in the information set at t − 1, may not be valid instruments for testing over-identifying restrictions (12). We nevertheless estimate our model using this set of instruments for comparative purposes. Another set of variables is described in Section 4.7.
Next, we need to obtain the habit shock v t . We proxy v t as the aggregate labor income shock obtained from the following bivariate process with 4 lags for f t = (c t , w t ) :
where c t is the log real per capita consumption growth, w t is the log real per capita labor income growth, u t ∼ N (0, I). The residuals from the estimated VAR equation (20) These parameters correspond roughly to those calibrated by Dai (2003) , so they are broadly consistent with some key moments of equity and bond returns.
Deterministic habit: risk premium
We begin by estimating the risk-aversion parameter γ for three models with no habit (NH), deterministic external habit (DEH), and deterministic internal habit (DIH).
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For the model with no habit, b = κ = 0. For habit models, we fix b = 0.328 and κ = 0.072, which correspond to a pair of values for a = κ + b and b used by Constantinides (1990) . Grishchenko (2010) estimates these parameters in the deterministic habit model set up and finds that they are broadly consistent with Constantinides (1990) values.
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For all three models, we fix ρ = 0.01.
The instruments used for the estimation include two lags of consumption growth rates and two lags of equity returns. Estimation results are reported in Table 2 . There are two panels in the table. The top panel reports results when the excess return on the value-weighted NYSE index is used to identify the risk aversion parameter. For NH model, the estimate for the relative risk aversion 1 − γ is 85.9148. Thus, we recover the equity premium puzzle.
For DEH model, the coefficient 1 − γ drops down to 8.9498, indicating that the presence of consumption habit helps resolve the equity premium puzzle. For DIH model, the coefficient 1 − γ reduces further to 2.90. For all three models, the parameter γ is sharply identified, and the over-identifying restrictions implied by the equity premium, alone, are not rejected.
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At 15 The parameter 1 − γ is literally the relative risk aversion coefficient in NH, which is the same as the standard CCAPM. In the habit formation models (DEH or DIH), the relative risk aversion coefficient is 1 − γ divided by the surplus consumption ratio. Throughout the paper, we use the terms risk-aversion parameter and curvature of the utility function interchangeably to describe the same parameter 1 − γ or γ. 16 We also estimate the models using alternative values of b, κ, and ρ. The qualitative conclusions remain the same. 17 The models are forced to fit K = 1 risk premium using M = 5 instruments (one, two lags of consumption growth rates, and two lags of equity returns). There is only one free parameter. Thus, the minimized GMM objective this point, the data favor the DIH, with much lower χ 2 than either NH or DEH. The bottom panel reports estimation results when both the equity premium and the risk premium on a long-term 10-year Treasury bond are used under the same model specifications and same parameterization.
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The coefficients of the relative risk aversion decline as we proceed from NH to DEH, and then to DIH, and have a similar magnitude to Panel A's estimates of RRA.
Including a long-term bond represents an additional challenge for the models. Indeed, the p-values for the overall goodness-of-fit test decline for all three models. So, we reject all three models when a long-term bond is included in the estimation.
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The results reported in Table 2 confirm some well-known facts about the standard CCAPM and deterministic habit formation models. First, the equity premium can be fit easily if there is no constraint on the curvature of the utility function, namely, 1 − γ. The equity premium puzzle arises because the relative risk aversion parameter required to fit the equity premium is too large relative to what is required to explain individual behavior (in terms of portfolio holdings and life-cycle patterns). Second, these models do not explain long-term bond risk premium. Adding long-term bond risk premium leads to the deterioration of the model fit. Intuitively, the real interest rate risk and the consumption growth rate are very weakly correlated in the data (about -0.025), and have the opposite sign (negative) from what a standard consumption-based model would predict (positive). Since deterministic habit merely amplifies the risk premium, and does not affect the sign of the risk premium, all three models (NH, DEH, and DIH) would predict the wrong sign for bond risk premium when 1 − γ is positive. This basic tension in CCAPM and deterministic habit formation models is even more apparent when the models are forced to explain short-term interest rate as well. We will now consider this case.
function has a chi-square distribution with KM − 1 = 4 degrees of freedom.
18 We also estimate the models using different long-term bonds, such as 5-year and 30-year Treasury bonds. The results are qualitatively similar.
19 The models are forced to fit K = 2 risk premiums using M = 7 instruments (one, two lags of consumption growth rates, two lags of equity returns and two lags of bond returns). There is only one free parameter. Thus, the minimized GMM objective function has a chi-square distribution with KM − 1 = 13 degrees of freedom.
Deterministic habit: risk-free rate and risk premium
In Table 3 , we free up the subjective discount rate ρ in our three basic models (NH, DEH, DIH), and use the risk-free rate (3-month T-bill rate) to generate additional moment conditions to identify ρ. The models are still required to fit both the equity premium,
, and the 10-year bond risk premium, R b,10 t,t+1 − R f t,t+1 , (so that the risk aversion parameter 1 − γ is identified). Two panels in Table 3 correspond exactly to the panels in Table 2 , except that in the former, the risk-free rate also enters the Euler equation, and two lags of the risk-free rate serve as additional instruments.
The top panel shows that DIH is able to explain both the risk-free rate and the equity premium at reasonable values of ρ and γ:ρ = 0.04 andγ = −0.93. In contrast, NH and DEH models are rejected based on the conventional levels of p−values. In addition, the parameter values have the wrong signs. A priori, we expect ρ > 0 (agents are impatient) and γ < 0 (agents are more risk averse than log-utility). When γ is constrained to be nonpositive in the estimation, GMM finds the corner solution γ = 0. The bottom panel shows that including the 10-year bond return leads to substantial deterioration of all three models.
The point estimates are qualitatively similar to those in the top panel, indicating that the long-term bond return does not have much bite in the context of these models.
To understand this behavior, note that there are two basic forces that pull the risk aversion parameter in two different directions in these models. First, the negative correlation between the real consumption growth rate and the real risk-free rate can be explained only if 1 − γ is negative. Second, the high equity premium can be explained only if 1 − γ is positive and large. Both NH and DEH give up explaining the equity premium in order to reconcile with the negative correlation between the consumption growth and risk-free rate.
Since 0 < 1 − γ < 1, the level of the risk-free rate can be fit only if the subjective discount rate is negative. To see this, note that, in NH, the unconditional mean of the Euler equation , or ρ = r−(1−γ)×g+
where g = 3.15% is the average consumption growth rate (consumption plus service), σ = 1.28% is the volatility of the consumption growth rate, and r = 1.4% is the average riskfree rate (see Table 1 for the sample moments). For γ = 0.1672, ρ = −0.006. For DEH, the risk-free rate is priced by the growth rate of the surplus consumption ratio, which has the same mean growth rate of g, but a higher volatility: σ ≈ 1.28% × b+κ κ = 7.11%. This implies ρ = 1.6%. Alternatively, the estimated value of ρ implies that r = 0.26% for NH and r = −2.35% for DEH.
Stochastic habit: risk premium
Next, we explore the benefit of introducing a stochastic shock to the consumption habit by freeing up the parameter β. The resulting habit models are denoted SEH (for stochastic external habit) and SIH (for stochastic internal habit). Table 4 reports results when γ and β are jointly estimated using the excess return on a broad stock market index and the excess return on the 10-year Treasury bond. As a simple robustness check, we report results based on three different measures of equity market returns: value-weighted NYSE index return, value-weighted NYSE/AMEX index return, and value-weighted NYSE/AMEX/NASDAQ index return. The results are qualitatively the same. Thus, we will now focus on results based on value-weighted NYSE index return (Panel A).
For both models, the risk-aversion parameter γ is sharply identified and qualitatively similar to those reported in the Panel B of Table 2 . SEH yieldsγ = −8.53 whereas SIH producesγ = −2.91. The habit volatility parameter β is not very precisely identified in SEH, but is sharply identified in SIH:β(SEH) = 0.0047 with the standard error of 0.0496, β(SIH) = −0.0254 with the standard error of 0.0116. We reject SEH at conventional confidence levels whereas we do not reject SIH. Both results indicate that introducing a stochastic shock in the external habit formation model does not help very much in explaining risk premium on both equity and long term bonds. In contrast, it has a very significant positive impact on the goodness-of-fit of the internal habit formation model.
Stochastic habit: risk-free rate and risk premium
Next, we free up the subjective discount factor ρ in addition to γ and β parameters. Table 5 reports the estimation results when ρ, γ, and β are jointly estimated, using the riskfree rate, the value-weighted NYSE index return, and the 10-year Treasury bond return.
Comparing these results to those reported in Panel B of Table 3 , we see a larger improvement for the goodness-of-fit for SIH than for SEH. For internal habit specifications we have: 
Discussion
The reported empirical results help answer the two questions raised in the introduction. Our results show that introducing a shock to the consumption habit allows the model to explain long-term bond returns better than deterministic habit formation models. Furthermore, the beneficial effect of a habit shock is much more evident in internal rather than in external habit formation models. To understand these results, we note that the habit shock may help explain asset returns because it can potentially modify the autocorrelation property of the marginal rate of substitution. In an external habit formation model, the habit shock affects the marginal rate of substitution' autocorrelation property only through the surplus consumption ratio dynamics. The reason is that the functional form of the MRS,
remains the same as that derived from a deterministic external habit formation model.
Since the addition of a new shock does not materially affect the growth rate of the surplus consumption ratio, the MRS continues to have difficulty reconciling the autocorrelation structure of long-term bond returns. In contrast, the presence of the habit shock materially affects the functional form of the internal MRS. To develop some intuition, we again appeal to the first-order Taylor expansion introduced in Section 2.2. Within the context of the model specification estimated here, the marginal utility of consumption for an internal habit formation model is given by
t captures the expected future dis-utility due to internal habit, and the last term captures the effect of habit shock on the marginal utility of consumption. Therefore, the presence of the habit shock alters the properties of the MRS in a fundamental way. In particular, it makes the MRS more persistent. 2. Instrumental variables. We have also used other instruments to check the robustness of our results: unit vector, lagged values of consumption growth, a proxy for the log consumption-wealth ratio cay t ,
20
"relative T-bill rate" (RREL, which is measured as the three-month T-bill rate minus its four-quarter moving average) and the lagged value of the excess return on the Standard&Poor 500 (SP&500) stock market index (SP EX) over the three-month T-bill rate. Lettau and Ludvigson (2001a) find that cay t has a strong predictive power for stock returns over one quarter to several year horizons. In their subsequent 2001b paper they show that this variable forecasts portfolio returns too. Campbell (1991 ), Hodrick (1992 , and Lettau and Ludvigson (2001a) find that RREL has a forecasting power for excess returns at a quarterly frequency.
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One of the problems associated with nonlinear GMM is the weak instruments problem, or the weak identification problem of the model parameter vector θ. While this issue can be identified more easily in the linear instrumental variables models, it is more difficult to deal with it in the present set up. Stock, Wright, and Yogo (2002) provide an excellent survey of this issue.
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They argue that one of the informal detection of the weak identification in the GMM setting can be done through addition or change of instrumental variables. Our results show that the choice of instruments does not affect results qualitatively, and therefore, it is unlikely that our results are driven by the presence of weak instruments in our set up.
Conclusion
In this paper, we econometrically estimate and test a consumption-based asset pricing model with stochastic habit formation using generalized method of moments. The key contribution to the asset pricing literature on habit formation is the study of the novel preference specification, namely, stochastic internal habit formation. The model departs from existing models with deterministic internal habit (e.g., Dunn and Singleton (1986) , Constantinides (1991), and Heaton (1995) ), by introducing shocks to the coefficients in the distributed lag specification of consumption habit and consequently an additional shock to the marginal rate of substitution. Stochastic shocks to the consumption habit are persistent and provide an additional source of time-variation in expected returns. Economically, we interpret shocks as taste shocks in the economy. Empirically, we proxy these unobserved shocks 21 We did not include other popular forecasting variables like dividend-price ratio into our instrumental set because they are found to be driven away by the above variables cay t , RREL, and SP EX. See Lettau and Ludvigson (2001a) for further details.
22 See also Stock and Wright (2000) on the weak identification problem.
by aggregate labor income shocks. We show that stochastic internal habit formation models resolve the dichotomy between the autocorrelation properties of stochastic discount factor and those of expected returns, providing a better explanation of time-variation in expected equity and long-term bond returns than models with either deterministic or stochastic external habit. This evidence suggests that stochastic internal habit models should be preferred to external habit counterparts when studying the joint behavior of the aggregate stock and bond returns.
Appendix

A Derivation of the stochastic Euler equation
Consider an arbitrary security with price-dividend pair (p t , d t ). Suppose that, at t, the representative agent buys α share of the security and holds it for one period, she gives up αp t of consumption at t, but receives additional consumption α(p t+1 + d t+1 ). Since no-trade is optimal for the representative agent, α = 0 is the solution to
wheres t andx t are the service flow and habit process defined over the consumption process
The first order condition with respect to α, evaluated at α = 0, gives
u(s t+j ) . Rearranging terms, we obtain equation (5).
Evaluating the derivative of V * t with respect to c t explicitly:
where a t,j = ∂s t+j ∂ct = 1. Equation (6) is obtained by noting that
B Distributed lag with arbitrary weights
Suppose that δ = 0, and
for j ≥ 1. The time-varying coefficients {b t,j : j ≥ 1} capture an extra unit of current consumption's marginal effect on future habit levels, and can be computed through the following recursion:
, then the recursion simplifies to:
If J = ∞, we do not need the second equation, and the first equation recovers the result for the geometric distributed lag specification. 1955 1960 1965 1970 1975 1980 1985 1990 1995 
where R f t,t+1 is the three-month T-bill rate (known at t), R m t,t+1 is the quarterly holding-period return on the value-weighted NYSE equity market index, R b,10 t,t+1 is the quarterly holding-period return on a 10-year Treasury bond. Instruments are unit vector, one-and two-period lagged consumption growth rate, and one-and two-period lagged asset returns. NH stands for the base-line model without habit formation; DEH stands for the deterministic external habit formation model; DIH stands for the deterministic internal habit formation model. T J T is the overall goodness-of-fit statistic that has χ 2 (DF ) asymptotic distribution, where DF is the number of degrees of freedom specific to each panel. p−value is the probability value that T J T exceeds the minimized sample value of the GMM criterion function. t,t+1 is the quarterly holding-period return on a 10-year Treasury bond. Instruments are one, oneand two-period lagged consumption growth rate, and one-and two-period lagged asset and bond returns. (When γ is constrained to be negative, the GMM estimation finds the corner solution (γ = 0)). T J T is the overall goodness-of-fit statistic that has χ 2 (DF ) asymptotic distribution, where DF is the number of degrees of freedom specific to each panel. p−value is the probability value that T JT exceeds the minimized sample value of the GMM criterion function. is the quarterly holding-period return on the value-weighted NYSE equity market index, R b,10 t,t+1 is the quarterly holding-period return on a 10-year Treasury bond. Instruments are one, one-and two-period lagged consumption growth rate, and one-and two-period lagged asset and bond returns. SEH stands for stochastic extern habit, and SIH stands for stochastic internal habit. T JT is the overall goodness-of-fit statistic that has χ 2 (12) asymptotic distribution. p−value is the probability value that T J T exceeds the minimized sample value of the GMM criterion function. t,t+1 is the quarterly holding-period return on a 10-year Treasury bond. Instruments are one, one-and two-period lagged consumption growth rate, and one-and two-period lagged asset and bond returns. SEH stands for stochastic external habit, and SIH stands for stochastic internal habit. T JT is the overall goodness-of-fit statistic that has χ 2 (24) asymptotic distribution. p−value is the probability value that T J T exceeds the minimized sample value of the GMM criterion function. The sample period is from 1947:Q1 to 2002:Q4, quarterly frequency. 
